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Abstract—Human Exploration Framework Team (HEFT) 
was formulated to create a decision framework for human 
space exploration that drives out the knowledge, capabilities 
and infrastructure NASA needs to send people to explore 
multiple destinations in the Solar System in an efficient, 
sustainable way.1 2  The specific goal is to generate an initial 
architecture that can evolve into a long term, enterprise-
wide architecture that is the basis for a robust human space 
flight enterprise.    

This paper will discuss the initial HEFT activity which 
focused on starting up the cross-agency team, getting it 
functioning, developing a comprehensive development and 
analysis process and conducting multiple iterations of the 
process.  The outcome of this process will be discussed 
including initial analysis of capabilities and missions for at 
least two decades, keeping Mars as the ultimate destination.  
Details are provided on strategies that span a broad technical 
and programmatic trade space, are analyzed against design 
reference missions and evaluated against a broad set of 
figures of merit including affordability, operational 
complexity, and technical and programmatic risk. 
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1. BACKGROUND 
 
The Human Exploration Framework Team was chartered in 
April 2010 by NASA Administrator Charles Bolden for the 
purpose of creating a decision framework for human space 
exploration that drives out the knowledge, capabilities and 
infrastructure that NASA needs to send people to explore  
multiple destinations in the Solar System in an efficient, 
sustainable way. As its most basic function, HEFT provides 
strategy planning to NASA senior leadership as they plan 
the space flight activities for human exploration beyond 
Low Earth Orbit.  

In order to understand the need for creating HEFT, one must 
understand that decision within the context of the past year.  
In the summer of 2009, a new strategic option emerged in 
contrast to the Apollo-like Constellation program.  This 
option is best described as a “stair-step” approach toward 
human exploration of Mars.  The Review of U.S. Human 
Space Flight Plans Committee (Augustine Committee), 
chartered by President Obama with the charge of 
"conducting an independent review of the current program 
of record (Constellation) and providing alternatives to that 
program (as opposed to making a specific recommendation) 
that would ensure that 'the nation is pursuing the best 
trajectory for the future of human spaceflight—one that is 
safe, innovative, affordable and sustainable'", defined this 
"stair-step" or “Flexible Path” approach as one “steadily 
advancing…human exploration of space beyond Earth 
orbit…successively distant or challenging 
destinations…with no immediate plan for surface 
exploration…”.  
The Flexible Path approach recognizes that the human-
accessible solar system is richer than just the Moon and 
Mars.  High Earth Orbit (HEO), Geosynchronous Orbit 
(GEO), lunar orbit, Cis-lunar space, near-Earth asteroids, 
Lagrange points, Mars orbit, and the moons of Mars all have 
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architecture to select and what systems to begin designing 
and building.  These choices will define NASA’s core 
philosophy and character for decades to come. 

However, some major choices and elements can be delayed 
or re-phased. For example, there is time to determine which 
type of Mars-class in-space propulsion NASA should use. 
Also, a decision about whether lunar surface operations 
should precede Mars is not immediate. The flexible path 
strategy preserves options for future stakeholders. Not all 
decisions need to be made now, and choices that do not 
affect the next decade of HSF would be distracting at this 
point.  

The greatest challenge in this process is solving the budget 
dilemma.  Doing this will force NASA to confront 
fundamental challenges  about the future of human 
exploration. A few of these challenges are: 

1. Flight Rate: In this budget-limited reality, and without 
more affordable approaches, human exploration flight rates 
would be low – just a few through the 2020s.  This conflicts 
with expectations conditioned by the International Space 
Station era.  

2. Destinations far in the future: Any humans-to-Mars-
surface mission is far in the future (2030's) even if the 
budget were unconstrained.  Cis-lunar missions will be 
feasible sooner.  This raises the question of how long could 
multiple missions to GEO or EM-L1 satisfy our beyond-
LEO aspirations.  Finally, the real challenge of sustaining 
public commitment based on a “horizon destination” so far 
into the future would be unprecedented in modern society. 

3. Workforce Strategy: Sustaining the existing NASA-
contractor workforce may be at odds with “lean 
development.”  At the same time, deferring the development 
of heavy-lift launch or the crew capsule would force NASA 
to “start over” (new people, new contractors, new learning) 
sometime in the future. We know we must accomplish more 
with the same workforce.  NASA must ask what balance 
between evolutionary and revolutionary approaches is 
optimal.  Also, how acceptable or advisable would a "start 
over" be? 

4. Interdependence: While NASA has long valued its HSF 
partners, it has been a practice to keep "critical path" 
capabilities under agency control. The budget does not 
allow for this type of practice given the number of elements 
needed for beyond-LEO exploration.  As it becomes more 
apparent that partnerships are essential, there will be more 
discussion around which elements can/should be developed 
and operated in partnership with other U.S. government 
agencies, the commercial sector, and the international 
community. 
 
 
 
 

4. SEEKING DEEPER INSIGHT  
JULY – AUGUST 2010 

 
The early insights from Phase 1 were a “wake-up call” to 
the team, but more detailed trades and analyses were needed 
to understand the challenges.   

For launch vehicle options, the team needed to look at 
implications for readiness date, cost risk, alignment with 
national propulsion objectives, potential development 
partnerships and use of existing NASA expertise. A key 
trade necessary to determine heavy lift options had to be 
between affordable DDT&E vs. affordable annual cost. A 
specific input into this trade analysis was the cost 
uncertainty, complexity, and launch rate for commercial 
launches. 

Further analysis required for crew vehicle options included 
system alternatives for the ascent/descent capsule and the 
destination-operations vehicle. The team also needed to take 
a closer look at exploration implications for Orion 
derivatives and commercial crew vehicles.  Finally, the 
development pace of radiation effects understanding and 
possible mitigations, reliable and efficient long duration 
ECLSS, and deep-space habitat systems are all major factors 
in selecting crew-carrying vehicles, and thus need in-depth 
study. 

With regard to the trip time associated with electric 
propulsion, HEFT explored the implications of the size and 
performance of SEP systems vs. time to first asteroid 
mission, and the implications of long-duration operation 
through van Allen radiation belts. 

And in order to produce a more confident cost profile, 
HEFT completed accounting of all elements and 
reconciliation of assumptions.  We developed a conservative 
projection of available budget and allowed for near-term 
budget liens that create a near-term "budget keyhole". 

Seeking affordability for the “NEO 2025” strategy, HEFT 
began optimizing the DRMs including looking at early NEO 
opportunities.  Second-pass analysis revealed we will likely 
need to develop heavy-lift launch in the near term.  Asteroid 
missions appear to stretch commercial launch capacity in 
ways that require more precise trades to validate: 

 Advanced electric propulsion (DRM 1) halves the 
in-space propellant needed but nonetheless requires 
a large number of commercial or partner launches 

 Episodic bursts of high flight rate affect the launch 
business case, pricing, workforce, and reliability 

 NASA might end up bearing the carrying cost of an 
expanded commercial launch infrastructure. 

 
In response to a number of challenging factors, HEFT 
created a DRM 4 option by combining DRMs 1 and 2.  
Some characteristics of this option were: 
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 300 kWe solar electric propulsion and low-boiloff 
cryogenic boost stages, used in a hybrid architecture. 

 100t HLV, either human-rated or with commercial crew 
launch 

 All expendable to start, evolving to reusability if 
multiple asteroid missions occur. 

 
In addition, DRM 4 would limit the number of 
developments to five major flight systems, it would reach 
asteroids with deep-space staging, and would manifest well 
on a reasonable number of hardware/propellant launches 
with adequate margins.  The DRM 4 flight elements could 
support both earlier and later flexible-path mission types. 
Unfortunately, the DRM 4 option did not “close” either.  

5. PHASE II   
SEPTEMBER – DECEMBER 2010 

 

The current phase of HEFT technical work rests on the 
extensive foundation established by HEFT in the summer of 
2010.  HEFIT is leveraging its “analysis engine” to conduct 
and validate key trades and prepare decision packages for 
Agency leadership to support the ongoing annual budget 
process with Congress and the White House.    

We are working with and updating the earlier HEFT work 
and adding new degrees of freedom to meeting our 
affordability objective including: 

 Elements: additional HLV options, crew vehicles, 
in-space systems, ground-based elements 

 In-space operations: Cis-lunar staging; Cis-lunar, 
trans-lunar, and  asteroid targets 

 Partners: critical-path partnerships with other 
domestic and international agencies, balanced 
reliance on commercial launches of propellant, in-
space elements, and exploration crew 

 Sensitivity analyses to understand impact of 
varying key assumptions. 

 
We are developing multiple architecture alternatives that 
may “work,” based on coherent, implementable assumptions 
and concepts of operation.  We look for options with the 
potential to fit the budget and meet stakeholder objectives 
on acceptable schedules.  We then exercise our process to 
refine concepts of operations that address the spectrum of 
operations, including destination operations, aborts, and 
contingencies. 

This current phase of engagement will support near-term 
agency and stakeholder decisions.  We are beginning two-
way communication of ideas and concerns including 
partners, industrial collaborators, and the public.  We have 
increased broadband interaction with the HEFT Steering 
Council to provide them effective decision support and to 
stay close to their evolving decision-making priorities 

One of the primary products is to prepare and present 
decision packages to NASA senior leadership that expose 
and explain options and implications of various strategies 
and implementations.  These decision packages are an 
integration of quantified trade and sensitivity findings with 
figures of merit that reflect the wide range of stakeholder 
needs and desires.  They frame conditional choices about 
implementation strategies and content.   The decision 
packages are instantiations of the elements of the initial 
architecture including concept of operations, that are 
intended to meet cost, schedule, risk, and performance 
expectations while leaving open design specific options and 
provide a basis for discussions with potential International 
partners. 

Making it affordable is the “price of admission.”  It is the 
primary gate through which all options must pass.  Fitting 
an enterprise plan within projected affordability limits is 
“first among equals” of the many stakeholder concerns.  
HEFT analysis has already illuminated key boundaries, 
high-leverage questions to answer, and promising areas for 
further focus.  NASA has several approaches to enhance 
affordability, including: 

 Implementing leaner development and operation of 
its large-scale and human-rated systems 

 Integrated phasing of element development 
schedules 

 Partnering with other domestic and international 
agencies for system development and operations. 

 
However, lean development of large HSF systems will most 
likely require fundamental transformation of the HSF 
communities (NASA and industry) ways of doing business.  
HEFT analysis indicates it will be enabling for human 
exploration (or disabling if not achieved) and will therefore 
define the next generation of NASA HSF.   

6.  CONCLUSIONS 
 
The value of the HEFT activity has been proven and is 
widely accepted with NASA.  But its job will not be done as 
this phase completes in December, 2010.  There is a clear 
need for an on-going HSF architecture activity and it is 
expected that a HEFT-like team will continue indefinitely 
since the complexity and challenges of the HSF technical, 
programmatic and political environment will continue to 
evolve. 

ACKNOWLEDGEMENTS 

The work presented in this paper was carried out by 
members of the HEFT team at NASA.  This work was also 
supported by the Jet Propulsion Laboratory, California 
Institute of Technology, under a contract with NASA.  

The author wishes to thank the following people for their 
contributions to the work and specifically to the paper: 
Steve Altemus, Dan Dumbacher, Richard Manella, Steve 



 

L
C

[
O

[
M
2

sp
C
L
d
sp
F
M
I
N
S
C
n
P
A

H
U
A
r
w
h

a
L
c
fo
  
T
H
th
e
  

Labbe, Frank B
Creech. 

1] Brent Sherw
October 22, 201

2] Brian Muir
Margins Strate
2009, IAC-08-D

 Br
spacecraft and 
C, and MSTI-
Laboratory in 
development, t
spacecraft that 
Following this
Manager.  He
Impact Project 
November 2002
Science Labora
Chief Enginee
named Progra
Program, whi
Architecture. 

He received h
University of 
Aeronautical E
recipient of NA
work on SIR-C
his work on Ma

 Bre
and Project Fo
Laboratory. Th
conceives, engi
for space scien

Throughout 20
Human Explora
he integration 

exploration. 

Bauer, Kent Joo

REFER

wood, HEFT 
10 

rhead, Constell
egy, Internatio
D.2.9-D.1.6.1 

BIOG

rian Muirhea
d technology pr
1, since comi
1978. He wa

test, and lau
landed succes

s successful la
e served as P

from Novemb
2, he became t
atory mission a
r of JPL.  In

am Systems E
ich includes 

is BS in Mec
New Mexico

Engineering fro
ASA’s Exceptio
C and the Exce
ars Pathfinder.

ent Sherwood m
rmulation at th

his institutional
ineers, capture
ce missions, in

10 Sherwood w
ation Framewo
of plans for th

osten, James R

RENCES  

Core Team, T

lation Architec
onal Astronau

GRAPHY 

ad has worke
rojects, includi
ng to NASA’s

as responsible
nch of the M

ssfully on Mars
anding he was
Project Manag
er 1999 to Nov
the Chief Engi
and in August 
n February, 2

Engineer for th
responsibility 

chanical Engin
o in 1977 a
om Caltech in 

onal Achieveme
eptional Leade
  

manages Strate
he NASA Jet Pr
l function coor
es, and plans ne
nstruments, and

was assigned to
ork Team (HEF
he future of hum

Reuther and Ste

The HEFT Sto

cture and Syste
utics Conferen

ed on numero
ing Galileo, SI
s Jet Propulsi
 for the desig

Mars Pathfind
s on July 4, 199
s named Proje
ger of the De
vember 2002.  
neer of the Ma
2004 he becam

2007 Brian w
he Constellati

for the Lun

neering from t
and an MS 

1982. He is t
ent Medal for h
ership Medal f

egic Planning 
ropulsion 

rdinates how JP
ew opportuniti
d investigations

o the NASA 
FT), supporting
man space 

 6

eve 

ory, 

em 
ce, 

ous 
IR-
ion 
gn, 
der 
97. 
ect 
eep 

In 
ars 
me 

was 
ion 
nar 

the 
in 

the 
his 
for 

PL 
ies 
s.  

g 

Sherwo
comme
 At Boe
and rob
for ISS 
Launch
space a
  
He has 
aerospa
Active i
papers 
space. 
Space A

Integra
Directo
DC.  H
and rob
support

Prior to
Explora
Headqu
integra
activitie
Shuttle 
his NAS
Station
Assuran
NASA H
operati
deputy f
Johnso

Dr. Ols
Officer 
Office w
liaison 
as well 
and wo

He has 
Engine
Science
an M.S
Dr. Ols
Engine
the Har

ood is a space a
ercial space: th
eing, he led tea
botic planetary
pressurized m

h, and business
and space scien

 graduate degr
ace engineerin
in the AIAA an
on the explora
He co-edited 

Architecture” p

 

 

John Ol
ation Office (DI
orate (ESMD) 

He is responsibl
botic space exp
rt structures to 

o assuming his
ation Transitio
uarters, where 

ating, and coor
es in support o
Program to th

SA career as th
 (ISS) Operatio
nce (OSMA) a
HQ OSMA lead
ions and the Cr
for Commerci

on Space Cente

son continues t
r at the Pentago
where his dutie
and expert on 

l as space acce
orkforce issues.

 a B.S.in both E
eering from the
e and Engineer

S. in Aviation Sy
son also has a
eering from Aub
rvard Senior E

architect with 
he last five at JP
ams in concept 
y missions, man

modules, progra
s development f
nce projects.   

rees in architec
ng from the Un
nd IAA, he has p
ation, developm
“Out of This W
published in 20

lson is the Dir
IO) in the Exp
at NASA Head
le for integrati
ploration activ
sustain their s

s current role, D
on Mgr. in ESM
 he was respon

rdinating all exp
of the NASA Tr
he Constellatio
he Manager of
ons in the Offic
t NASA Headq
d for integrate
rew Exploratio
ial Space Suppo
er in Houston. 

to serve as a pa
on in the Natio
es include serv
science and te

ess, commercia
. 

Engineering Sc
e USAF Academ
ring from the U

Systems from U
Ph. D. in Indu
burn Universit

Executive Fello

22 years in civ
JPL after 17 at 

engineering fo
nufacturing en
am developmen
for several com

cture from Yal
iversity of Mar
presented over

ment, and settle
World: The New
009 by AIAA.

rector of the Di
loration System

dquarters in Wa
on of NASA’s h

vities and the ne
afety and succ

Dr. Olson was
MD at NASA 
nsible for direc
xploration tran
ransition from 
on Program.  H
f International 
ce of Safety an

quarters, servin
ed Shuttle/Statio
on Vehicle (CE
ort, and the lia

art-time USAF
onal Security Sp
ving as an inter
echnology appl
al space, indust

Sciences and M
my, an M.S. in 
University of Il

University of Te
ustrial & System
ty and is a Gra

ows Program.

vil and 
Boeing. 

or human 
ngineering 
nt for Sea 
mmercial 

le and in 
ryland. 
r 45 
ement of 
w Field of 

irectorate 
ms Mission 

Washington, 
human 
ecessary 
ess.   

s the 

cting, 
sition 
the Space 

He started 
Space 

nd Mission 
ng as the 
on 

EV), the 
aison to the 

F Reserve 
Space 
r-agency 
lications, 
trial base 

Mechanical 
Materials 

llinois, and 
ennessee.  
ms 
aduate of 


